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(54) GROUP III NITRIDE SEMICONDUCTOR LIGHT EMITTING DIODE AND ITS MANUFACTURING METHOD 

(57)Abstract; 

PROBLEM TO BE SOLVED: To provide a group III nitride semiconductor light emitting 
diode of high performance in which a high quality silicon substrate of low cost is used, 
by solving the problem where a group III nitride semiconductor light emitting diode 
having high light emitting intensity is not obtained, since the light from a light emitting 
part is absorbed in a silicon substrate in the conventional group III nitride 
semiconductor light emitting diode in which silicon is used as the substrate. 
SOLUTION: A reflecting layer having a semiconductor multilayer laminated structure 
constituted of laminate of boron phosphide and gallium phosphide nitride is arranged 
between a silicon substrate and a light emitting part. Consequently, the light from the 
light emitting part is reflected in a light lead-out direction. 
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-ftSAl.GaJn.-^M,-, ((IL^ 0 S a , 

b, a + b S 1 , Mtta^W^©^V^7C*g-^t>t, 

«ix.7tiiiKSi^«>^MW*«3t*iF-T*)o-r, flute^y 
tSAJIAt)^^ y vtetf y ?i»'&&m<D*\ y rita 

lX10"I^cm- , 6(J:5X10"fiFcin"H 
3 ] fltflE#S«SflligSr*^i-5^t y ^It: 

# y ? -as^s© y 2 j^%kjl± 4 

±x- h z> z t * mm. t -r 5 w*^ 1 tt v n 3 
m<o.iummi:^m^^4 *~ v. 

[If*il6] {111} 

[it #js 7 ] -> y 3 v^DgftafcR t #g t© 30 

WUn, ffiffrfi ^tfcii t -T5 88**1 4 

v> Lit *^ 6 \zmm<ouimmtyo¥m>ft3£ft#'<< >— 

Kc 

[0001] 

[0 0 0 2] 

2 0 3 ) ^ShhSS (Mat. Res. Soc. Symp. Proc. , Vol. 46 
8 (1977),P.481~P.486#flB) (CftxT, v" y a -y (S 

— K (LED) Srfllj^-f-^ft^^^^ix-cv^s ( Ele 
ctron.Lett. , Vol. 33 No. 23 ( 1997 )P. 1986~1987# 50 
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(Appl. Phys. Lett., Vol.72 No. 4 (1998), P. 415 
~417#j$) 0 

[0003] uimmk®*mw : %%¥-4 k»c*>o 

A • -i >i/<?J± (A 1 „G a « I n,..-,N : 0 S 

a, u, a + fi<D m<Diumm^^^M>m^ 

b45png^lOi'7^TO (DH) fe&ffim<D% 
3t*B*s^$tLTV>5. DHS-&t#itWlg)t§lii:(S, 3§ 
3teJB#p7fcfttfn7B*5y K< clad )SKJ**$i*axfc« 

#itans_rA'5 = fi?A • #y ;>A|^»t5: 

(a) Sr3B3tS<DT/P5-^Ajlf B ttJ;!? t,lK<-t6Z 

• 4 >W A (G a « I rii-sN : 0^/3^1) ^)^t# 
fife$tt-5<0^'botf tjT'fe^ (#M5 5-3 8 3 4f 

[0 0 0 4] L*»U lfitLT->y3y^ B |M 
1"5 t , v-y a V**gao»jt«ffitt*Sl 1 • leVT'fc 
19 r**flC^WX«HJ|J (1 9 9 5¥ 

3 M 3 0 0 . (ft) ItStBlgffWKS 2 8 M#RP.) , #fe 

JR^ttTL* 5^* s *>5„ fir^, v-y a^a^itc^ 
*S*tfcIII«5»b»i|tiim:»3t^-f*— KTtt % S« 
fcJ:5»*©!ftilJH:;J;5, ift^3t^*Sr#i-5 L E D % 

[0 0 0 5] 

ffl U-CiBS«3t3S«Sr*-t5Sjfift*IIlS5^fc«b^3K*: 
[0 0 0 6] 

t^S^ttfc. —f&ftA 1 ,G a b I n.^N.M,., 
({fit, 0^a, b, a + b^l, Mtt^*lU^-C0^V 

^5t***L, o<c^d x-mB^ti^nimmm 



3 

p (dh) &&ffim<D%ftu*m^tcuimmtm¥m 
±ffii§*gi5trow^y (bp) is^^t^y 

<}J>- (G a NuPx : O^X^l) &M,mt £r 

te ana r t fc < , >j w unu-Kft L-cftJHWMr 

[0 0 0 7] **W^*5V^Ttt, #l«g«ig^ 

y >"(ta*ig*Jixo^fl: y y •> Aiea 

^(Odr-tyT«*§-l X 1 0"cm-mt5X 1 0 ,s 

sirT^ i ^T^, «3t^ ;i— K©«ii;asf8S¥l-& i? 3c 

y ^ASg B B B ffl<oy >• (P) ffij&lfc£2%)y i ii4%KrFfc 
+■5 ©aW* LI/\ y ^fflfiScJttf 5 2 %SX± 4 %tATT"fo 

10 0 0 8] *38Wfcj8^Ttt, sUta#J13IJlf£j£©S 

v\ iiffl^5 2jei_hjc>ists*t** 5 &jat-«* | 9, 7 

£JLhfc45 k ^r«*fl*-c»stf 1 o o%cQSWaq#b 

[0 0 0 9] ^W^^Tli, «>!JaV*jgaB 

XMi&ftomjjVLb Lx (ill) S H B B ffi£<£ffl-f3© 

(ill) ShIshs i ffi.*i>mmz.&mi,x 
tb^v^b-c&ao ->y ^>*s H B B s«t#s 

[ooio] jwswkhsvvch:, m^mmmmmzm 

[0011] 

— JftWl- {111} STfcii {10 0} *MftasfiJfflT*# 
«. (Ill) {100} ISiHBteJfctfel/r s 
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iW^WficfffttTv^. rcofcfc, *&&<D&m 

(b) &m~yv (p) as«4E©rt^fR*£»-t-5©S' 
»(Bii-5S&*##£ft3 0 bp*?, mmftmz. y >•©& 

[0 0 12] ->!)3y¥e a B B aS«*Ita, SM/f & 
«J*-T5 y >"flfli* (BP) fe B B Iti£!)>W^ 
A (GaN,,P,: O^Xgl) ^bsB t ft 

io zzmmmmmzMtii-tz, zmmsmmti^y =*>&■ 
mm&ft&zitximzitzzkhxzzo mmm^m 

. =5. 4 3 0 9A) I'M^ift'JvWH^ 
(G a No. 02 P o. 9b n te^?£$C=5. 4 3 1A) , ^ffc 
Jtt^y^A (G a No. is A s 0 .ai, fa=F/£$k= 5 . 4 
3 1 A) N Pyftli^y^A (BuGa.^P, |& 
f-£&=5. 4 3lA) 1 - 2 6 6 0 0 6 

, XttSfc-flSfflSlS^y ( B o 25 G a o ?5 A 
20 s, te^-£«fc=5. 4 3 1A) (#I?H-2 6 0 7 

(In) Sr«j*3c^t LT^tfy ^tfflW-Y^^^A 
(B0.33 I n o 67 P > *&T-/E$C=5. 4 3 1 A) Xliflt 
itmmj >-i?VJ**$ (B„ 1 In,.As 1 *&^5ci6c = 
5. 4 3 lA) 1>mRlX'%Z>o $*bl', ±Ljj&(Omk } J 

( I n No. 4 9 P o.si, t&^SSSC=5. 4 
3 1 A) Xtt^tflt-ft-f -A ( I n N„. 58 A 

s.„ »^»=5. 4 3 1 A) ^t^lJfflT't^o tt 

30 L, ^^(OffimSrPfiih'rsr.i: t "Itet ^^fil-^Sr* 

[0013] $bi". Ifl^y^y^i^f 

V-fM« (BP, fe-^SSSc=4. 5 3 "8 A) T'MWSfll 

tOP^OW^-Vyf ( mismatch ) £-$t?P LT, IS 
t*Jx.tt\ 2 5 0°C^±5 0 0X:£iT<Dit®#)1&iB.X'J&Wi 

40 l/c y ^bffl^iSraliWjS ^ 1 6 -> y^y 
t y v^fl»*iS B a B x H&i k y y ^&£k t 
o^5^-7^f ( rB^^S^tej , voi.24. 

No. 2 (1997) , p. 150#fiB) Srl8?PLT, 5^-7^ ^ h 

■ktchi-$i%ktfhz> cxmmme, 0 6 9, 021^ 

[0014] JBW^IKcS^frJiSrftSoHIIH-C^ 

50 ^^tx^^y'y -y ^'fxMM ( Distributed Bragg Refle 
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ctor : DBR) T*ifc5„ -#3PJlTttatfT^©#l>£5^ 

m (bp) igftjf taMfcy^fctfy *a (g 3 n 

,-xPx) ^SSSrfUffl-f-So BPfeli (EifT^=3. 
i) t cdJB#t^co^£ 0 . 5£t_ki-f G a N 

,-xPiigiiS<oy ^HJjJtxH, x = 0 (GaN, JStFf 
sp=2. 0) A>P?x = l (GaP, S#f*=2. 1) CO 

tt^lttT, x = 0. 02Hx = 0. 04C0|6iat 10 
i-5©##*U\i «S-f-5#Sco^:$ (nm) (J, % 
KWLftX (nm) N('|3S-r?>o ::t 

i5 4**©#«aJI«|Jt»S:«JfLT, MUX 
0. 2-3 // mCDJ¥£l~«firf?>„ 

[0015] #a«««5g*(i, ->y s^wttAssfti 

I'tiSStStTiSrBPJfcliGa N H P. (0<X 

si) ©fa;h,a»&ffl^T*j*-c#5. zmmrnm 

*VT V > 5 &® ttifij-f L V V AT® © tt, BPgH 
tGa N,-,P,ig&S£££,c«Jf $1tT#JP«JI#^ 

(±IE© r^^xV^ >$28 o l 

€ CO B P i. 1 M CO G a N,., P t b * 5 

l Jlffl t -f ti(i\ #6«Jgfl*5g*fi'>* 

< t ii2u±omM*^^-t^<Dimt.h\>\ BPt 

'hUJ*¥, rffi^gjfev^— ifj 1 9 9 0^9^250^ 30 
<«e) tf-AttSSff, »1BS»1»J»*118~119 

H#flEl) 5 „ 

[0016] (5iJxtt\ BPt!) Vffl^Jt^S 3 %C0G a N 

-5, $ft4 5 0 nmC0#fe^O^TC0SSt*roa!iral+ 
gftSrHI 1 fc^-fo B P CDJSJff^tt 3 . ltU GaN 
,. H P««tM2. 0t-g£LTfc5, BPWG 
a Na*Pa»#lfj#ScD/fJ¥tt#* N 3 6nmW5 

(C±#i-5 0 fflW%t.%7U±t-til\^ |J99. 8%C0 40 

[0 0 17] 7y y-fSMmt L-CC0^fflSr*i-5#S . 
«Sffiigfrco##f/£Jf WSJ? (nm) (J, git 
3fccD$ft£;i (nm) tt5i, A / (4XN) HE 

§r3. itu aflsy >"ft^y i?Acos#f^5-2. ot 

Lfc#g\ fig (A) £6 0 0 nmff 5*fe5fc£-iti$) 

mi:t5BPii75nrait5Ga N 0 . s ,Po.Jfi: 
»HfflW«S«jgfl»k«j£-rfttf±v\ 1212,!:. 1J¥^ 50 
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648n mdBPfit 7 5 n mCOG a N«.»P 

o.03^t 1 oji]ffl«jf £*/c^Sii*«itfrco 

SAtJpSr^-fo Rlt/t*t LfttDdu ip^j6fiiS4 6 o 
n mC0Wfe* J b ! P<L>&ft7) s 7 0 0 n mC^^T 5 *) 
BPJffcGaNwPJi"fca»fefca£*fM«3i#-C 
tt. Klt»*t^t-r5i!5#(-ffiJSLT, #fi$Mtif£tt 

^iV^JWtcn o 0%34v^tt*^^^ix5 o 
[0 0 18] *38fl-<?tt, J3»l$#JIfl|JIll*)ltt:<0«J* 

^rty7itfiaTixio"c 

m"K±f5 X 1 0"cm' I «T<On^*fcBp#Ot 
S«S«ig*Sr«J«-rix,i, LED<D«»SSIE&*j£# 
io. -#coiH§£v'y =i>-iSoo*ffilc^T*#5(io 

i x 1 0"c m- 3 *tSTii, SE*b*})iESriifl:i--5 
fc»fc&#»cte^«ffi©«j^fcfct>J»r\, ^t!)7f 
ft*S5 X 1 0' 9 c m- 3 $-ffix.5l3:t"«ZS«i-^-V y 

3„ pB^^vrmm-i, f&mmz.w&i (z n ) 

(Mg) «S©K— ^^^iSrMSWt-nttW 
®-e#5„ n^t!)r*«tt>>!)3y (s i) -^-fev 

V (Se) t»©n»^tt*OK— tr>^*ftaiSS!l»L. 
[0 0 19] «JH6«jaS«)tffS:«l«-r 5 

5 0 rco/cfc, LED,|giijfl;»£cov'y n viiMgdig^^ 

^ficosw^tt, mmt-rz^v =i >w^nmMm-c 

#Ki-&k. ->y 3>asi:#iai«s#tos^# 
ffiTp n^^jFM$tus 0 z<Dtc>£>, LEDrnmrnm 
#>>y a^*Kn:^fca**n<c< fti^a-s-a**^. 
■ts. ->y a>*fefia«tBi-o^*»©#«^i ■ 

(J, #iJx(SV^D^V (halogen) ^.tBfiJcftffi, K5 
-f K (hydride) ^ft^ffi^W^M^^Wlta 
(MOCVD) ffi«SEO^SIt±!?^-C#5 0 
[0 0 2 0] *^BJ-CiS, BPgf s It*t#iaii 

3iifc£-1i/5)c-f 5Ga N,-«p,lS H a Bg^ov>T, ^coy > 

ffij«Jt* 2 %~ 4% ir-TSG a N,-xP» B M*m (0. 0 
2SXS0. 0 4) frb$il&1rZ)<D-hm^ L\\ s<tf— 
K (Vegard) ilji'i^tf, V ^mftitfr 2 %~ 4 %W$b 
Ht-raAr^iaGa N,-,Piljgft«<Oft^£*S, 4- 
5 4 8A-4. 5 2 9 A(D$Biat-*>-5c 
SBPC0|&^£fclS4. 5 3 8ATfc5 (±ffi© l^jg 
ttx/W *«HJ . 2 8S#f) „ t¥oT, yvja^ti: 
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&±.m<n$km\zmM-tfttf, b p£$Jl k 

t5GaN,,P^a B BlA 5 l#fe^5o y it £ 3 % 

(0. .0 3) it5GaN„P,«B, 4. 5 3 8A 

PSaegi: U V*&/jScit£ 3 % ± l%©iI^tt5Ga 
N.-.P.&dJf (0. 02^X^0. 04) b<D&3-$ 

^yf-am+o. 2*>&Ltokiz*>* s^/iis^tt 

2. BPSgf B stora-eo. 5 a±cD/a#T5p 

ff*i*t5iitfTr*5. mi'i»>J«i*i6i«E (v 
f) ©-tLfcft*««N*l!:ffti,fciii**fl:«B**#:« 

[0021] #0«Ji«j|fr© .fcfctt, -JR^SA 1 „G 
a„I n ,-.- b N c M,-, T^iH^-SIIlS^-ffcfeg^fe 

-T5„ lit, OS a, b, a + bglt*fcO;MIJ!J 

> (p) , ft* (as) , r>^-^> (sb) 

(N) Eit.^-W^V«l7u^4**?U 0<cSlT'M„ 
L ot, #3PJ1 1' *5 1} 5 31*215 SrJg/S-f 5 **7Vw^ 

lllikjtMb LtA 1 , Ga, I n© 
5V>4< 1 t> iS©7cKlSr#*, vj^SiLTISS 
* (N) 8r^5c*i:LT*tpfcOT?*>5. 

10 0 2 2} DH»^«3fi©»3t»ttt, %XJltfp& 

7 J/ KSOV^-f ilM-A l.GaJn 
,-.- b N.M,-« g«r^-?V\h,0r&V\, ISftgKA 1. 
g a „ i n,-.- k N e M,Jf 3rftffl-r*Ui#fe*iKroMi& 
ft&<o3§3t£y k k-t 5 r. fc a*t§ 5c 
[0023] vm*(oiiim5im<Dm§i\£\*x, m 

s/ KlcOff^tt^nJ: 5 fcJf^l 0 0-8 0 0 nm(r^ 
[0 0 2 4] K±©*5fcLTflWILfcaUi#t7)±Tfc 
— Kt-TSo Al.Ga b ln„- l N,M,, 
,U$--7^ (Al) fl\ pj#«^W»-^tt^ (Au) # 

(ai) as, P mmm(om^tr^ j-^a-t 

V (Al-S'b) ^ftaSfUfliT#a. LED^frWffita 
[0 0 2 5] 

[fEffl] #*WttB P Ip^iB i G a N,.,P,e^|i^ 
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[0 0 2 6] *?|PK*l±BPg a B piiGaN,-, 

mm % -> y =3 >mm l nt $ * a - 1 * s t i £ 5 ± 

[0 0 2 7] $ fed, y y<Dffi.i&it%!ftm 

10 (6Hi-RX£UfcGaN M P*ftJiSr*Jffl-*"a-i:»-± 
15, BPfe a B iJ:Ga N«Pjgfi*fc©fc ; ?*&tt& 

[0 0 2 8] 

immm\ mmmi) ->^yf^i«iir. yv 
ikis* t mt y y * aus t a» e> 4 5 ^ 7 f 

ttWfcttfl-f-S. ^HfltWfcflifcaXJt^*- Ki 0 
20 OWrBMt«H€:H3«ci7i«i-. 

[0 0 2 9] nv&|£l 0 .lfcli, fflBSt K-7"cOp 
^->y a^ig^© (111) &jB^fc„ ->yn>s« 
101 y ^tasai^tJistejaffiwa 102^ 

JgL7t 0 f6fiS«I10 2ll 1 hyif/HI ( (c 2 

H 5 ) 3 B) /*7,7>(y (PH,) /?K* (H 2 ) 3k,X 
^7.§r*IJfflL7t®ffiMOCVDffi^J;t)> 3 5 0°CT 

mm^tco mummm 102 omw-wfa 1 0 n m t l 
fc. ffiraffitiii 102 ©siai- 1-2, ^ummm 1 0 3 1 

LTISIC< _h|E(DMOC VD&^r^lJffl LT, 1 0 0 0°C. 
30 Tffifa (Zn) K-^CDpfBPl^iLfe. S#a<D 
K— t' > 7*M ( ' fj 7< 9vHEI8 ( (C 2 H S ) 2 Zn) $r 

fflv^c 0 iaiaSffiS i03o^t!) 7x10 

18 c m" 3 1 Lfc 0 mmti 5 0 0 n m k L/c 0 

[0030] ifitaMSiJi 1 0 3 _h^n, y'v y ?'K%tm 

k tt&mwwm 104 1 omjSM i o 

4-1 t LT, y> (P) ffl^Sclt^O. 0 3ti~S^SB 
K-7"W P ^g-ft y Vft^ y 7 A (G a No. 9 , P 0.03) 

m^9JSLtc 0 g a N0.97 Po roiSti, hyy^^/y 

( (CHs) 3 Ga) /*^7^V (PH 5 ) /TV 
40 *z=.T (NHi) (H a ) SfiKiSitf^tErffl^fcWE 

MOCVDSiatl lOOOtt^fi^t. 
it^Utt 8 x l 0 " c m 'k L, mmtfc 5 9 n m k L 

fc 0 1 (omfom 104-1 ±(cij, m 2 cott^g 1 0 

4 - 2 i LTII^3 8 nmtt5llS K-^Cp| 
BPM4-ailLfc 0 »LTfl»'f 2 0«j*ll 
0 4- 1, 1 04-2*»P>45aJi*ffiSr-&f|-8»ftK 

it ltsi l/c d r n x t> , v- y =j vis 1 0 1 juj^ft 

TSSrGa N„P affl |t L, S*S^BPtLTJl 

»^ 8 (D^mmmwik 1 0 4 &»j*u^ 

50 [00 3 1] ®^c7)HffffiTEM-ffi$rfUffl LT^lili 
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Wfctt, ^^^W^h (misfit) fefS:^0^ B e B ^P|g^|g 

tttt^fc < > ffiifiift»/i 1 0 2 as i/ y n ^fefi&is 1 

^5t><D£#»l<*ixfco r(0fifil«110 2^ffl^ 

«t 5 , ^mmmmik 1 0 4 (D&m&m 104-1, 10 

"[0 0 3 2] ^JfiBWMBStl 0 4©*ffi±»Ctt, T»i? 10 
7^ KJB 1 0 5£ (CH 3 ) 3 Ga/PH 3 /NH 3 /H 2 
^OSlS^^ ^ffl ^/cSEMO C V DftC ± H000 
°C-cmm LtCo T»^7yK|105 ft, 
10 4(Diil^tBPlCW^n, ffi«K— 
^© p »G a Na»Pa»i*^M Ufco 4*1, TpR 

SO^r-V X 1 0 17 c m* 3 

t U SJptt8 OOnmi L7c D 

[0 0 3 3] T£f5^7 5/ KSl 0 5_hi^ft, i/]) n> K 
-^CDn^^U • >f (G a o. 90 I n 

0.10N) **&*5*3fc/i 106 Srg(S***:a 3B36« 1 20 
0 6H, HJ^f;V#WA ( (CH 3 ) 3 Ga) / hy 
7<^vW ( (CH 3 ) 3 I n) /^^^^ V (P 

H 3 ) /Tls*t~r (NHj) /7k^f (H 2 ) *<7)E/E# 
^SrflJfflL^^EEMOCVDfe^J;t) N 8 9 OtT^fi 

0. lOtlfco ISHft30nmtLt o ^DT» 
Sffifa3 X 1 0 18 cm 3 £: Lfc 0 

[0 0 3 4] Ga«In,t, Q NH45**il0 6 
JiK.fi, ±g&* 75/K|10 7t It v- y n > K-:^ 
nffi^t:T/^~^ A • #y ^AjgA (Al y Ga,. T 30 
N) i&fiLfc, Aljfi/£Jfc (r) II, ^If^iajn* 

ft^o. 2^bo ■(*) S"CMiKit^li'>j^ 

0 0 n m t Lfc D 

[0 0 3 5] ±ffi(Op»G a N ft *Po/o3T§6£ 5 y K 
1105, nlGa 0 . 9 oIno,oNMl0 6, ^0 
n^A 1 y Ga,- T NJia>&fc5±SS^9sy K|10 7 

0 

[0 0 3 6] p^>^^MSfilOKDSfflr. 40 

tt, t/i^-^a-t^im^ (Ai-sb) a^bis 

yKli0 7©SBl;ii, 7;v^!)^fc)i5R^ 

•Si 1 O^Igttfil 3 0 Minir Lfc a 

=3 v^fefi** l 0 l SrSfMttSrfflffl LT [ 1 l 0 ] # 

fp]tc^I»fU ^^63 0 0 ^^^^° (chip) 

[0 0 3 7] p^, n»-;^lSl09-ll 
OMfc, LEDB»fflm«ESriif|L*:„ «K-«BE (I 50 
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-V) «*SB1 0 8 0fijfftp n&^HHil-B 

HUT, IE^^»»tt^^tfc 0 I -V«F^e>*» 
fc«i*lRl«JE (Vf) B*J3. OV (ffi*|6]«Slt=2 0 
mA) tJiofe ®^!EEttftl5V 
tS=10//A) t*ofc 0 «g*|nI»-2 OmA©(|fft 
SE&aSLfcirr?), Wt$fi^4 7 0 nmtf 

[0 0 3 8] mmM2) *«W«)»2 0|afifi« 

**W<0»2<o3«fc«^«3fe^ K©WflB**H*r 
[0039] y > k-:7°<d n y n ^^sts 2 0 

1(7) (111) ffi±K, BP^^^5«»ffii2 0 2 

(B 2 H 6 ) /**:7^> (PH 3 ) 
(H 2 ) ^S^S:fflV^«EMOCVDfet*4 3 0 
°CTl*jf £-&fc 0 V/III-Jt, i-/«et?^vSe^^^ti 
IUSJSW^ fc ©Wl&Jtsp (=PH 3 /b 2 h 6 ) Srfa 

1 2 OfcR^Lfco ^ft^R)S^ff*tt^3 x l o 
4 Pat U ^>y 3^ h t U^>7> (S i 
2 H 6 ) -zMR (H») jS-&#*&tefflLfc 0 i&iUftffi/l 

2 0 2 (7)iijl^ 17nmt L/c 0 

[0 0 4 0] -{fifflj&gWJi 2 0 2<Oftg[$f#jS£W®TEM 
«fe"C««Lfc„ ffifilg«Jf 2 0 2<D/SIW* (as-grown*; 
tt) tt> v^y a^HiftftJfcK 2 0 1 ^<0«-&ffi;&>fc*5*5 

r3>^ 0 e 0 X«2 0 1 irOPfll-tt, *]»«»» btbT, 

SflB P#fiR{*:Sr£frfc Utt^T^fco 
[0 0 4 1] {SSjSIBJi 202 co_ht-tt, ^ ^SM 
Jit*5#SSSfllit2 0 4^)1112 0 4 - 1 £ L . 

BPjgfiJitt, ±IB^j)*£EMOCVDjSfeSrfi|fflU Si^ 
^J£^tt^3X10 4 Pa^L, 9 8 0°CT« 

ttSi&^fck -ra b p^i-cfcs: t 

fc 0 WJtt«4 1nm-C, 3 T»«tt*J 1 X 1 0 18 
c m" 3 Xfco/c 0 

[0042] $112 0 4 - 1 ©fig|«Sr»T Lfe«"C 

tt, i£fia«ff2 o 2^<oi^9.W(D±n^, i/v 

BP;f§ H e B Sti{jg:^ffi«jii2 0 2 &isV 2>^ 0 0 pSfi2 
0 l<flSffi±(d!2ttfcfcft, v-y a>^fp^«2 0 1 

t|iS2 0 4-i ttt*]mi-5r.t^*v^jKffiSt^ 
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[0043] IH20 4- 1 ©±fctt, % 2 CDfl?/&Jf 

204-2tLT~>y^>- Y—-?<r> n y >"ft:^ v 

(GaN g „P,.») S^fifJlL/c S£yyft# 
9^Af(D!) Vjfi/&Jt£> 3 %|J, BP Kfe^-m-S-tZ £. 
0\ZL1ti><D-VfoZ> e i2«H^|2 0 4-2a->!)a 

yoK-^yhtu^y (s i 2 h 6 ) (h 

2) jg^^SrflJfflU ^3X10' P a <73J±^T-r-9 
8 0tT^lLfc o Jlffl!^ 6 4 n m, y Tiggtt 
ft9X10"cm- 1 fifoofc D 10 
[0 0 4 4] _hlE<D <fc 9 ftH 1 &T>*?fS 2 <&#/$;S 204 
-1, 2 0 4-2!&»fe*5jflMMMft«:l O^W^'JSL 

-cam ^-c, 77 -yfRttmb % 5 &mmmmm 20 

4 Lfc„ &M&mm& 2 0 4 JJ, v- y n v&E 2 

0 . HM<0*TS£B Pit U WI&GaN a »F 
..oJfirL/c, ^!t©iS^1 0 5 0 nmtf5tO 

[0045] ^mmmmm2 o 4±^», TSB-^yK 

i2 0 5t LTv-y 3yK-7'©n|G a N„. S7 P„„ 3 
Jf^f&L/c TgR^y-;/ KI2 0 5(5, (CH>) 3 G 20 
a/PH 3 /NH,/H I SS(t^Srffiffi LfeiJIMO 
C VDftt i r> 9 8 0°CT*QS L/c„ if ffttft 8 0 0 n 
m, =>ft!)7llEllfi2Xl0"cm- , -(:feof; 0 
y 7lffiBMOC VDSJS^^iO^^^VcD^DiSrSiJ 

[004 6] T3^7^KI2 0 5 0±|:H, (C 
H 3 ) ,Ga/PH, /NH*/tti&frfc-?f**m%k-r 
5SEMOCVDffi|Ci ^ , 36?tJi 2 0 6^-98 Otf 

L7c„ |g}Uf 2 0 6 y 3 V K— 7"C0 n ®G a 
.«! ni„NIA>f5i)*Lfe. IJftlJiiillOnmt 30 
U *vyr»£tt#l2 x l o l8 cm- 5 i: L± 0 *\}) 

[0 0 4 7] WJtm 2 0 6 <D±Kft s Y—y'<D p B 

G a NoL OT Po.<»e*»b^2>±SlS^ 7 S' KB 2 0 7 
ILfc, ±^^7?KI2 0 7I1 (CH,) ,Ga/P 
H 3 /NH 3 /H s ^S^^Sr®!|Sfti-5MffiMOCV 
Djfet^ J; t> 9 8 OtTH/I L-Ttp ±U? 7J/KI2 0 7 
©if #f4#J lOOnm, ^tU T»aiSJB 8 X 1 0 " c 
m-'T$)o7c 0 y TjSSttMOC VDRJE&S— ©v 5 40 

[0 0 4 8] ±|S©n^Ga N aw P 0 .o 3 T93^7s' K 
12 0 5, nIGa JK Ina,.NHl2 0 6 1 M 
p^Ga No^PoJf ri^ft-SigP:??* KI2 0 7 

P n4Je-g-S^V^xoS-p«5a^7t^2 0 8 §r 

[0 0 4 9] n»->!)3>*efiSfi2 0 1OlIi: 
(4, T/U5-'>A (Al) ^^i5n^-5j/^ 
2 0 9 L/c 0 4 7c, ±8B * y y KS 2 0 7 (7) 

t(Au) ^f>)i5P]iCpft-5y^I 50 
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|2 10|-WLfc„ pff^c7)7f--5 y?n&2 1 OWE 

2014 [110] #fate§SMt£&*JfflLT-ffl«rft3 
5 0 /i mttSfjy/tW LTfg^V t~K2 0t 

[0 0 5 0] p^, n»-^#ti2 0 9~2 1 
OM^LEDIEt(iffl«SKS:ii«Lfco *«t-«JE (I- 
V) #tttt|§7fe§|5 2 0 8 (75 ft JJ ft p n g^ttl' EH L 

[Slttffi (Vf) [4$J3. 2 V ()«*IfiJ«SlE= 2 OmA) 
fcftofc *|6l«E»4«1 1 5 V (JS?^.|fijSSIE = 

10)i A) bttotco Ull^fatc 2 0 mACDtb^l;»|Sria 
ttLfc^lCtt, *ft Sr#b 5 lOnmifSfl 
feTt^^W $nf' 0 5g)t^-<^ h/K7>^iW'Stt^2 2 n 
m -C ; & o 7c„ - J&ift ft £f H ffl b T M£ £ ft 5 ^ s> 

yvtm-vo&ytskmtfo 1 8 ^wti (i rsegftsascoii 

iKSfl^iNMt^ft*^* t>ftfc 0 

[0 0 5 1] 

^Ttss t ©mc. y ^immte&m t mt y y * 

ft 5 RltS SriStt fcO t?, *7tSl5 £' 9 Kit- $ ft/cft Srjfe 
[0052] 47c, **w»-J;ft«, #WHBS*iiR3t 

i o B cra'«Tt«^i:it mz-'&&m-mntc 

««E*aW«IJS#:©ttE*l*iH-ii«t-5 - t ^T*^, ffi 

[0053] $ #s«s«5ssw 
*sr«t*r5anku >-(b^ y i>^tefta«> y >ia^tt4 

fc , S life co /> ft v \fg B B B ttfc:ffiti7cSlta 5 

■ [H2] BL&im<o8.to&<D&&fcim&m-tw-eib 
[0 3 ] i»j i jcga«tro«3t^ v<omw8&. 

[0 4] ^JfiCT2lciB«©*3fe^*-KO»rai«l* 
10, 2 0-«*^*-K, 10 1, 20 i—->y 
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102, 2 o 2 ■•■ mummm, io 107, 2 0 7---±gp*5VKs, 10 8, 2 

3----iftaS««, 1 0 4, 2 0 4---#/f«««i§, l 0 8--$g3t&R, 1 0 9, 2 0 9 -pit-;^t 

0 5, 2 0 5- -Tffl?7yKI, 106, 2 0 6---f* I, 110, 2 1 O-nft-; ^tffi> 
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